The electric quadrupole moments of the decuplet baryons are calculated in the bound state approach to the SU(3) Skyrme model. In this approach, all the quadrupole moments of the decuplets are found to be proportional to the third component of the baryon isospin. Contrary to the SU(3) collective model, the kaonic contribution is as important as the pionic one. The transitional quadrupole moments of hyperons are also predicted.
In the quark model, the tensor force in the inter-quark hyperfine interaction [1] leads to the D-wave admixture in the baryon wave functions, so that the ground state baryons are slightly deformed. As a result, the tensor force induces a small violation of BecchiMorpurgo selection rule [2] that the decay ∆ → Nγ is pure M1 transition, and also leads to non-vanishing electric quadrupole moments of the decuplet baryons. Following the simple calculation in the oscillator model which predicts measurable Ω − quadrupole moment [3] , there are a number of publications concerning the quadrupole moments of the non-strange and strange decuplet baryons in various phenomenological models [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and the results are highly model-dependent.
Recently, Leinweber et al. [11] studied the quadrupole moments in the lattice simulation of QCD and Butler et al. [12] used heavy baryon chiral perturbation theory [14] for this study. Based on the "slow rotator" approach to the SU(3) Skyrme model [15] , Kroll and Schwesinger [13] investigated this problem in connection with the strangeness content of the proton. In the flavor SU(3) limit, the Skyrme model predicts maximum value of the strangeness content of the proton, ss p = 7 30 , whereas ss p → 0 in the strong symmetry breaking limit. In Ref. [13] , the authors claimed that the quadrupole moments are proportional to the baryon charge in the SU(3) limit and to the isospin of the baryon in the symmetry breaking limit. Their numerical results obtained with the physical kaon mass are somewhat different from those of Refs. [11, 12] .
In this paper, we study the electric quadrupole moments of the decuplet baryons in the bound state approach to the SU(3) Skyrme model. This approach suggested by Callan and Klebanov [16] is based on the observation that the s quark is much heavier than the light (u, d) quarks. So it treats the isospin and the strangeness in a different manner, i.e., rotational and vibrational, respectively. In this model, hyperons are described by bound states of kaon(s) in an SU(2) soliton background field. The resulting mass spectrum [16] [17] [18] , electromagnetic and axial properties of hyperons [19, 20] are consistent with the existing experimental data, so this model may be a reasonable starting point for understanding the hyperon structure. It is also shown [21, 22] that the magnetic moments of baryons have the same structure of the quark model predictions. So, it will be interesting to investigate other electromagnetic properties of hyperons in this model. In addition, this model predicts small strangeness content of the proton, ss p ≈ 3-6% [17, 23] . Therefore, it will also be interesting to test the argument of Ref. [13] on the relation between the electric quadrupole moments and the SU(3) symmetry breaking.
We start with the effective action [21, 24] for the Skyrme model with proper symmetry breaking terms, which reads
where Γ WZ is the Wess-Zumino action and Γ SB includes the fact that the pion decay constant F π (≈ 186 MeV empirically) is not equal to the kaon decay constant F K (≈ 1.22F π experimentally) as well as the meson mass terms:
with the eighth Gell-Mann matrix λ 8 , where m π and m K are the pion and kaon mass, respectively. Taking the Callan-Klebanov ansatz [16] , the SU(3)-valued chiral field U is written as
By expanding the action up to the second order of K, one can obtain the kaon-soliton effective Lagrangian. It is well-known that this effective Lagrangian with the hedgehog configuration exp(2iτ · π/F π ) = exp[iF (r)τ ·r] supports a bound state solution of the lowest kaon state in the form of K = e iωt k(r)τ ·rχ, where χ is a two-component isospinor. (See Refs. [16, 18] for details.)
With the given Lagrangian, we can construct the electromagnetic charge density, which reads
where
(We keep the conventions of Refs. [21, 24] throughout this work.) The functionals f (r), λ(r), V (r), A(r), and B(r) are explicitly
where N c is the number of color and χ = F K /F π . In terms of the collective rotation variable
Tr(τ a A †Ȧ ). We take the physical pion and kaon mass, m π = 138 MeV and m K = 495 MeV, while the pion decay constant F π and the Skyrme parameter e are chosen to be F π = 108 MeV and e = 4.84 [25] to reproduce the nucleon and ∆ masses. Then the energy of the bound kaon ω is calculated as 146 MeV and 209 MeV for χ = 1.0 and 1.22, respectively [21] .
The electric quadrupole moment operator is defined bŷ
and the quadrupole moment of a baryon Q 33 (B) = B|Q 33 |B can be read from the baryon wave function [21] . From Eq. (4), it is straightforward to obtain the form of Q 33 aŝ
For the diagonal matrix elements one has
, and the formula (8) can be more simplified asQ
Here, I is the moment of inertia of the SU(2) soliton and r 2 N I=1 is the isovector mean square radius of the nucleon. Therefore, for nonstrange baryons the formula (8) reproduces the SU(2) model predictions [26, 27] . In Eq. (11), I (J) is the isospin (spin) of the baryon, and J k and R are the kaon grand spin and the rotor spin, respectively [16, 18] . The hyperfine constant c is obtained as c = 0.51 and 0.39 for χ = 1.0 and 1.22, respectively. From Eq. (5), one can see that only the isovector current contributes to the quadrupole moments since the hypercharge density is spherically symmetric. It also should be noted that the Q 33 depends on the isospin of the baryon. As noted in Refs. [11, 13] , this dependence is not consistent with the quark model predictions where the quadrupole moments depend on the baryon charge. This dependence supports the argument of Ref. [13] when we consider the small strangeness content of the proton of this model. Furthermore, the Q 33 contains a kaonic contribution, i.e., the a 2 term, of which effect is comparable to the pionic one, whereas in the slow rotator approach of Ref. [13] , it depends only on the pionic current because its moment of inertia is spherical outside the SU (2) 
The off-diagonal matrix elements of the operators Table I .
Our results are summarized in Tables II and III . Given in Table II are the predictions for the electric quadrupole moments of the decuplet baryons. For a comparison, the predictions of other models are also presented. The transitional electric quadrupole moments are listed in Table III . In quark models, the electric quadrupole moments are proportional to the baryon charge and the nonvanishing quadrupole moments of neutral hyperons come from the quark mass difference m u,d = m s . But this dependence should be corrected if one includes meson cloud effects as discussed in Ref. [9] . Then the quadrupole moments are nearly isospindependent rather than charge-dependent, which is consistent with our results. Also, our results are closer to the predictions of the heavy baryon chiral perturbation theory [12] than to those of the modified SU(3) collective model [13] .
As a test of tensor force in the quark model, it has been suggested to measure the electric quadrupole moment of the Ω − because of its long life-time. In Ref. [28] , it was suggested to measure the quadrupole moment of Ω − by studying the hyperfine splitting of the exotic Ω − -nucleus atoms if Q 33 (Ω − ) is larger than 0.01 e·fm 2 [6, 10] . However, if the quadrupole moments have isospin dependence it may be difficult to measure the Q 33 (Ω − ) experimentally. As a summary, we have calculated the static and transitional electric quadrupole moments of the decuplet baryons in the bound state approach of the Skyrme model. The results show the isospin dependence of the quadrupole moments. It would hence be of great interest if such quantities could be measured experimentally, which will give very useful informations on the baryon structure.
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